
Middle East Journal of Agriculture Research 
 Volume: 10 | Issue: 01| Jan. - March| 2021 

EISSN: 2706-7955   ISSN: 2077-4605 
DOI: 10.36632/mejar/2021.10.1.20  
Journal  homepage: www.curresweb.com 
Pages: 328-341 

 
 

Corresponding Author:  Kasem M. S. M., Olive and Semi-Arid Zone Fruits Dept., Horticulture Research 
Institute, Agricultural Research Centre, Giza, Egypt 

328 

Potential of Organo-Biofertilization for Olive Trees in Upper Egypt  
 

Kasem M. S. M. 
 

Olive and Semi-Arid Zone Fruits Dept., Horticulture Research Institute, Agricultural 
Research Centre, Giza, Egypt. 

Received: 07 December 2020 Accepted: 03 March 2021 Published: 15 March 2021 
 
ABSTRACT 

Field experiment was conducted in a private orchard located at about 24 km south east of Assiut, 
Upper Egypt during two successive seasons 2017 and 2018 on 12-years old Manzanillo olive (Olea 
europea L.) trees grown at 6 x 6 meters apart in sandy soil and irrigated with drip irrigation from Nile 
water to study the effect of organic manure in combination with humic acid and one N2 fixed nitrogen 
cyanobacteria spp. (Nostoc muscorum) alga as bio-fertilization sources as well as micro and/or macro 
nutrients as foliar spray on fruit and oil production under Upper Egypt condition. Changes in fruit 
weight (FW), pulp weight (PW), pit weight (pitW), pulp/pit, length and diameter of fruit and pit, 
length/diameter (L/D) of both fruit and pit, yield/tree, oil content% (OC) and oil  fatty acids as affected 
by organo-biofertilization program on the olive trees were discussed. As organic treatment, OF × 
(Macro plus Micro nutrients, MacMic) interaction (average of both seasons) exhibited a significant 
increment in fruit weight, pulp weight, pit weight, pulp/pit, fruit length, fruit diameter, pit length, pit 
diameter, oil content and yield/tree by 107.5%, 122.9%, 32.1%, 59.8%, 28.0%, 30.7%, 18.3%, 26.1%, 
52.6% and 32.8% over MF×control treatment, in descending order. Noteworthy, no significant 
differences were spotted among both OF×macro and OF×micro interactions for abovementioned traits 
except oil content. Data also, show that treated plants with O-Bio program exhibited a decreasing of the 
main saturated fatty acid (SFA) palmitic (C16:0) from 19.29% (MF, control) to 17.18% (OF) in 1st year 
and from 19% to 17.03% in 2nd one as well as stearic acid (C18:0) decreased from 2.07% (MF, control) 
to 1.93% (OF) in 1st year and slightly increased in 2nd one.  Moreover, the effect of O-Bio program on 
the main unsaturated (USFA) fatty acid oleic (C18:1) caused significantly increase in oleic acid, total 
unsaturated fatty acid and the ratio between total unsaturated and total saturated of Manzanillo olive oil 
at both years compared with control. Generally, all fatty acids composition was in the range of 
international olive council standard and the Egyptian Standard of olive oil. 
 
Keywords: olive tree, organic, bio-fertilizer, algae, humic, oli fatty acids 

 
1. Introduction 

Olive is among the oldest known cultivated trees in the world. it grow only in a typical 
Mediterranean climate (Durand and Flahault, 1886 and Baldy, 1990) and remain today a staple food in 
the Mediterranean basin, where, the pickled fruit is used as food, and the oil extracted from its fleshy 
pulp has culinary uses, but is also used for cosmetics, lubricants, and as a source of light (Newton et al., 
2006). The Mediterranean climate is typically mild and wet during the winter and hot and dry during 
the summer, being the Mediterranean area, it is usually also exposed to high daily irradiances, including 
UV radiation. Although Egypt has a comparative advantage in the production olive crop, which 
generates a distinct economic return, whether marketed locally or exported, Egypt occupies the 10th 
place in the global ranking of the countries producing less than 1% of Global production of olive oil 
(Mansour et al., 2018). Egypt is climatically mild and wet during the winter and hot and dry during the 
summer (Zahran and Willis, 1992 and Giorgi and Lionello, 2008), however, the climate is unsuitable 
for dry cultivation of the olive tree and Egypt lies outside the ecological range of the wild olive, Olea 
europaea subsp. oleaster (Zohary and Hopf 2000). The olive must therefore have been introduced from 
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elsewhere, (Meeks 1993). The olive was native to Asia Minor and spread to the Mediterranean basin 
6,000 years ago. Olives have been found in Egyptian tombs from 2,000 years BC. The olive culture was 
spread to the early Greeks then Romans. As the Romans extended their domain they brought the olive 
with them (OOS, 2020). Today, olives are cultivated on a small scale all over the country, and on a 
larger scale in a few restricted areas (Newton et al., 2006). Therefore, the date of the beginning of 
oleiculture in Egypt is subject to debate (Serpico and White2000). The area cultivated with olives in 
Egypt 2019 year is about 214061.96 feddans, with a total production of 1080091 tons (FAO, 2019); 
however, Egypt produces 27,500 tons of olive oil/year (IOOC, 2019a). The high level of 
monounsaturated and polyunsaturated fatty acids (PUFAs) increases the quality of the oil for human 
consumption (Mondal et al., 2010). Furthermore, the high levels of oleic acid and linoleic acid, PUFA, 
reduce blood cholesterol and the risk of cardiovascular diseases, and also play an important role in 
preventing atherosclerosis (Ghafoorunissa, 1994 and Teres et al., 2008). The Spanich cv. Manzanillo is 
the most important commercial variety in the world (Hartmann and Papaioannou, 1971). Manzanillo is 
an early ripening cultivar and a heavy bearer, used for table olives and for oil production (Bailey, 1961) 
and needs special treatments under sandy soil and other types of reclaimed soils condition in Upper 
Egypt, since the poor soil fertility and low water holding capacity are generally the main soil problems 
that influence on Manzanillo yield and fruit quality. In this respect, the application of organic manure 
has been found to have higher comparative economic advantage over the use of inorganic fertilizer 
(Usman, 2015). It enhances the plant and acts as a buffering agent against undesirable soil pH 
fluctuations (Akanni and Ojeniyi, 2008). Also, the use of bio-fertilizers can improve productivity per 
unit area in a relatively short time, mitigate contamination of soil and water, increase soil fertility, and  
improve fruit quality and yield (Mosa et al., 2014). Humic acid and cyanobacteria (alga extract) are 
bio-stimulants that enhance trees’ growth and they help to withstand harsh environments when applied 
in small quantities (Chen et al., 1994 and Abd El-Razek et al., 2020). Poultry manure and Bio-fertilizers 
applied instead of the chemical fertilizers is considered a favorite target to achieve sustainability in olive 
production.  

This investigation aimed to study the effect of organic manure in combination with humic acid and 
one N2 fixed nitrogen cyanobacteria spp. (Nostoc muscorum) alga as bio-fertilization sources as well 
as micro and macro nutrients as foliar spray on fruit and oil production of Manzanillo olive trees under 
Upper Egypt condition. 

 
2. Materials and Methods 

Field experiment was conducted in a private orchard located at about 24 km south east of Assiut, 
Upper Egypt during two successive seasons 2017 and 2018 on 12-years old Manzanillo olive (Olea 
europea, L.) trees grown in sandy soil and irrigated with drip irrigation from Nile water. The trees were 
planted at 6 x 6 meters apart. These trees were received the same horticultural management. Healthy, 
uniform and regular bearing olive trees were used in this study. The selected trees received normal 
fertilization and cultural practices in the farm except the nitrogen. All of the 24 trees conducted in this 
study were vigorous and similar in growth and canopy. Poultry manure was collected from private 
fattening poultry farm at Shandaweel district, Sohag Governorate, Egypt. The manure was dried and 
sieved to remove feathers and foreign substances. Alga, Nostoc muscorum strain was provided by the 
Unit of algae, ARC, Giza. The chemical properties of the poultry manure as well as the physical and 
chemical soil properties of the experimental orchard were presented in Table 1. Main characteristics of 
the used liquid Actosol (after, El-Seginy, 2006) and micro algae extract (after, Noha, 2020) are 
presented in Table 2. 

During the term of the experiment, the common horticultural practices, i.e., irrigation, weed 
control, pests and diseases were used. The experiment was carried out in split plot layout as Randomized 
Complete Blocks Design (RCBD) with three replicates and each tree was considered a replicate. The 
treatments were arranged in a split-plot as follow: 

 
a) Main plots (fertilization treatments) 

1) Control (Mineral “NPK” fertilizers dosage/tree as recommended by the Ministry of 
Agriculture recommended, MF).  

2) 30 kg Poultry manure + bio-fertilizer [Actosol (humic acid) plus CAE (Cyanobacteria alga 
extract)] referred as  organic fertilization, OF 
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b) Sub- plots (foliar spray) 
1) Control (Cont.): spraying distilled water and Tween-20.  
2) Spraying a mixture of macro-nutrient (Mac) containing 2% NPK (10:5:7w/v) + 2% Ca  
3) Spraying a mixture of micro-nutrients (Mic) containing of 120 ppm for each chelated Fe, Zn and 

Mn (1:1:1).  
4) Spraying micro and macronutrients (MacMic). 

 
Table 1: The chemical properties of the poultry manure and both physical and chemical soil properties 

of the experimental soil during 2017 and 2018 
Poultry manure 

Item 
N 

(%) 
P 

(%) 
K 

(%) 
C/N 

Ratio 
O.C 
(%) 

pH 
EC 

ds/m 
O.M 
(%) 

ASH 
(%) 

Moisture 
(%) 

2017 2.46 1.58 2.51 12.5:1 36.7 7.37 4.31 64.9 35.3 24.6 
2018 2.38 1.47 3.02 14:01 37.9 7.21 3.33 69.1 37.1 19.7 

Soil 

Item 
N 

(ppm) 
P 

(ppm) 
K 

(ppm) 
Ca 

(ppm) 
Mg 

(ppm) 
pH 

Sand 
(%) 

Silt 
(%) 

Clay 
(%) 

Texture 

2017 108.39 8.35 179.02 1170 261.6 8.02 83.89 10.86 6.75 
Sand 

2018 102.99 9.33 180.35 1195 273.7 8.10 81.25 9.71 7.33 

 
Table 2: Main characteristics of the used liquid Actosol (after, El-Seginy, 2006) and micro alga extract 

(after, Noha, 2020) 
Item Actosol 

Components 
N 

(%) 
P 

(%) 
K 

(%) 
Ca 
(%) 

Mg 
(%) 

Humic 
acid  
(%) 

Organic 
carbon 

(%) 

Organic 
matter/tot
al solids 

(%) 
Value 10 10 10 0.06 0.05 2.9 24.64 42.51 

Components 
B 

(ppm) 
Fe 

 (ppm) 
Mn 

(ppm) 
Zn 

(ppm) 
EC 

(dS/m) 

Total 
H.A. / 
total 
solids 

C/N 
 ratio 

pH 

Value 70 900 90 90 5.9 168.8 2.64 8.1 
 Cyanobacteria (Nostoc muscorum) alga extract (CAE) 

Contents 
Chl a 

(μg/ml) 

Caroten
oid 

(μg/ml) 

Flavonoids 
(mg/100g) 

Phenols 
(mg/100g) 

Free amino 
acid 

(g/100g) 

Anti-
oxidant  

(%) 

Total 
sugar  
(%) 

Value 4.14 0.78 0.23 15.00 0.40 8.76 8.80 

Contents 
Protein 

(%) 
N  

(%) 
P  

(%) 
K  

(%) 

Abscisic 
acid  

(μg /g) 

Indole 
acetic 
acid  

(μg /g) 

Gibberellic 
acid  
(μg/g) 

Value 17.47 2.80 0.92 0.48 17.41 56.50 12.24 

 
2.1. Preparation of alga extract 

Dried fine powder of N2-fixing cyanobacteria (Nostoc muscorum) alga strain were obtained from 
Microbiology Department, Soils, Water and Environment Res. Inst., Agric. Res. Center, Giza, Egypt. 
The ethanolic extraction was carried out by adding 30 ml of ethanol (70%) to 10 g of the dried fine 
powder algae, shaken 10 mins and allowed to stand for 15 mins. The extract was then filtered using 
Whatman filter paper No 4. The extract was concentrated under low pressure at 40 °C, then the extract 
(100% concentrate) was kept under -4 °C till use in the experiment. Then, the extract (100% 
concentrate) was diluted with water in 1:20 and 1:40 v/v. 

 
2.2. Application method 

 Poultry manure was added to the soil in both sides of the tree under a drip irrigation system at 
the 3rd week of December. 
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 Bio-fertilizer (Humic and Alga): Each 1 liter of diluted alga extract was mixed with 1 liter of 
diluted humic acid solution, on site. 

 Then, about 3 L per tree were added to the soil (1:20 v/v) once time at the first week of April 
(during full bloom) and foliarly sprayed (1:40 v/v) in three different dates of 1st week from each 
of Jan., March and May.  

 Foliar spray treatments of both micro and macro-nutrient were applied on three different dates 
at 1st week from each of Jan., March and May, at the rate of 3.5 litter/tree, while a few drops of 
Tween-20 were added as surfactant, in consideration of temperature of spraying time in all 
applications. 

 Mineral phosphate and potassium fertilizer was added to all studied trees by rate 1.75 Kg of 
super phosphate (15.5 % P2O5) per tree to the soil once time combined with poultry manure, in 
addition to 1.50 Kg of potassium sulfate (48 % K2O) per tree was added as a soil application 
divided to two equal doses, firstly at the third week of December (combined with phosphate 
and poultry manure) and secondly at the first week of June. 

  Nitrogen fertilizer of the main-plot control treatment was added in three equal doses according 
to recommended Ministry of Agriculture. 

  
2.3. Data recorded 
2.3.1. Fruit Quality  

Fifty fruits were handpicked randomly from all sides of each tree at harvest to determine the 
following fruit quality: fruit weight (g), pulp and pit weight (kg), pulp/pit ratio, length and diameter of 
fruit and pit (mm), fruit and pit shape index (length/diameter), and fruit oil content (%) on a dry weight 
basis using Soxhlet oil extraction apparatus with Hexane 60-80°C boiling point, according to AOAC 
(2005).  

 
2.3.2. Fatty acids composition:  

The fatty acids methyl esters were prepared using trans-esterification with cold methanolic solution 
of potassium hydroxide. The fatty acids methyl esters were identified by GC-capillary column 
according to the methods (IOOC., 2001). 

 
2.4. Statistical analysis 

Data were compared using analysis of variance (ANOVA) procedures according to Gomez and 
Gomez (1984) through using (CO/STAT). Least Significant Difference (LSD) test was used for mean 
separations of the studied parameters. 

 
3. Results and discussion 
 
3.1. Organic fertilization, OF  

Changes in fruit weight (FW), pulp weight (PW), pit weight (pitW), pulp/pit, length and diameter 
of fruit and pit, length/diameter (L/D) of both fruit and pit, yield/tree and oil content% (OC) as affected 
by organic nutrients program on the olive trees are presented in Table (3). 

Results (Table3) indicated that significantly highest values of all studied traits were recorded by 
organic plus bio-fertilizer application (O-Bio) program in both seasons except Pulp/Pit, F L/D and Pit 
L/D in 2nd season comparing with control (MF).  Data also, show that treated plants with O-Bio program 
exhibited a high increment in all obvious traits, i.e., FW, PulpW, PitW, Pulp/Pit, FL, FD, PL, PD, F 
L/D, Pit L/D, Yield and OC% by 13%, 12.9%, 3.7%, 8.7%, 6.9%, 4%, 4.5%, 4.2%, 2.8%, 0.1%, 11% 
and 6.7% (average of both seasons), in descending order.  

The increase due to application of organic fertilizers may be due to the more availability of 
nutrients, which contribute in plant growth through its effect on physical, chemical and biological 
properties of the soil. In addition, poultry manure is good source of both macro nutrients (N, P, K, Ca, 
Mg, S) and some micronutrients enhanced growth and yield of garlic plants such as Zn, Cu, Fe, Mn and 
B which helped in the plant metabolic activity through the supply of such important micronutrient that 
also increase the biological processes within the plant such as the metabolism of organic compounds  
and enhancing physiological activities and thus improves photosynthesis in plants and can increase soil 
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carbon and N content, soil porosity and enhance soil microbial activity (Ghosh et al., 2004). On the 
other hand, micro-alga contains growth regulators (auxins, cytokinins and gibberellins), betain, amino 
acids and low concentrations of inorganic elements that influence cell growth and division cycle, 
expansion, nutrition and maturity (Williams et al., 1981 and Zodape, 2001). Actosol also acts as a source 
of nitrogen, phosphorus and sulpher for plants (El-Seginy 2006 and Fawzy et al. 2012). However the 
foliar application of actosol led to positive effects on plant growth and improvement of production 
(Mohsen, 2014; Shafeek et al., 2014 and Ekinci et al., 2015). Our results also, were in the same trend 
with those reported by Ferrara and Brunetti (2010) and Laila et al., (2013). They stated that application 
of humic acid caused a significant increase in fruit size. In particular, humic acid applied at full bloom 
significantly increased width and weight of fruits collected at harvest with respect to the control 
treatment.  
 
Table 3: Fruit physical characters, yield and oil content of olive trees as affected by organic or mineral 

fertilizer as well as macro and micro nutrients foliar spray during two years 

Item 
Main plot Sub-plot 

MF OF LSD Cont Mac Mic MacMic LSD 
1st year 

Fruit weight, FW (g) 4.133 4.695 0.329 3.553 4.619 4.336 5.148 0.335 
Pulp weight, PW (g) 3.449 3.939 0.297 2.937 3.896 3.575 4.367 0.301 
Pit weight, PitW (g) 0.689 0.752 0.2 0.616 0.759 0.726 0.781 0.022 
Pulp/Pit ratio 4.95 5.225 0.2 4.706 5.133 4.925 5.587 0.021 
Fruit length, FL (mm) 25.124 27.431 1.362 24.475 26.851 26.323 28.269 1.612 
Fruit diameter, FD (mm) 18.766 19.771 0.238 17.82 19.687 19.469 20.137 0.298 
Pit length, PL (mm) 17.067 18.081 0.897 16.459 17.735 17.337 18.767 1.74 
Pit diameter, PD (mm) 8.419 8.689 0.186 7.904 8.647 8.313 9.353 0.982 
Fruit L/D ratio 1.339 1.387 0.011 1.372 1.364 1.313 1.403 0.023 
Pit L/D ratio 2.03 2.082 0.012 2.082 2.051 2.086 2.006 ns 
Yield (kg/tree) 27.843 31.29 2.524 25.74 30.472 28.503 33.552 1.864 
Oil content, OC (%) 23.405 25.237 0.856 22.248 24.734 24.375 25.926 0.973 

2nd year 
Fruit weight, FW (g) 3.945 4.429 0.43 3.232 4.159 4.416 4.94 0.49 
Pulp weight, PW (g) 3.148 3.508 0.35 2.406 3.502 3.497 4.096 0.7 
Pit weight, PitW (g) 0.811 0.804 NS 0.753 0.816 0.794 0.866 0.06 
Pulp/Pit ratio 3.855 4.341 0.41 3.203 4.293 4.17 4.726 0.63 
Fruit length, FL (mm) 22.223 23.183 0.81 20.865 23.369 22.669 23.91 0.91 
Fruit diameter, FD (mm) 17.843 18.282 0.38 15.839 18.466 17.918 20.028 0.69 
Pit length, PL (mm) 16.094 16.577 0.41 16.214 16.266 16.13 16.734 0.151 
Pit diameter, PD (mm) 8.678 9.122 0.35 8.237 9.152 8.954 9.256 0.38 
Fruit L/D ratio 1.249 1.274 NS 1.317 1.267 1.266 1.195 NS 
Pit L/D ratio 1.865 1.817 NS 1.979 1.777 1.801 1.808 NS 
Yield (kg/tree) 27.253 29.892 2.524 24.437 29.136 27.993 32.726 1.087 
Oil content, OC (%) 22.478 23.728 0.79 20.799 23.711 23.222 24.678 1.1 

MF: mineral fertilizer, OF: organic and bio-fertilizer, Cont: control, Mac: macro, Mic: micro-nutrients 

 
This is probably ascribed to the uptake of mineral nutrients, but the possible hormone- like activity 

of the humic acid (i.e., auxin-, gibberellin- and cytokinin-like activity) should also be taken into 
consideration. However, the hormone-like activity of humic acid (Actosol) is more concentration-
specific and higher concentrations seem to be more effective on the upper part of the plants (Atiyeh et 
al., 2002). Humic acid is especially beneficial in freeing up nutrients in the soil so that they are made 
available to the plant as needed and also, as a result it contains Nostoc muscorum used as nitrogen 
biofertilizer that provided the trees with the mineral nutrient and raised the mineral leaf content. In 
several studies, humic acids preparations were reported to increase the yield of crop plants (Kauser et 
al. 1985; Chen et al. 2004 a, b). These results are in agreement with data reported by Sánchez-Sánchez 
et al., (2006), Ferrara and Brunetti (2008) and Laila et al., (2013). 
 
3.2. Macro and micro-nutrient foliar spray:  

Also, the same Table 3 revealed that spraying the olive trees with macro and/or micro nutrients 
was significantly enhanced fruit quality in terms of increasing weight of fruit, pulp and pit as well as 
diameter of both fruit and pit in both seasons and pit length in 1st one, in addition to fruit oil % and fruit 
yield/tree in both seasons compared to the control treatment. The promotion was significantly increased 
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as (macro plus micro)>(macro)>(micro) in descending order, where using both macro and micro 
nutrients together was significantly preferable than using each alone in improving fruit weight (5.1&4.9 
g), pulp weight (4.4&4.1 g), pit weight (0.8&0.9 g), pulp/pit (5.6&4.7 ratio), fruit length (28.3&23.9 
mm), fruit diameter (20.1&20 mm), pit length (18.8&16.7 mm), pit diameter (9.4&9.3 mm), yield 
(33.552 & 32.726 kg/tree) and oil content (25.9 & 24.7 %) in 1st and 2nd year, respectively. They 
increment (in average of both seasons) by 48.7, 58.4, 20.3, 30.4, 15.1, 19.3, 8.7, 15.3, 32.1 and 17.6 %, 
respectively over control treatment. However, shape index of both fruit (1st year) and pit (both years) 
gradually decreasing as affected by spraying macro combined with micro nutrients. The best results 
with regard to these traits were obtained after spraying the trees with macro nutrients plus micro-
nutrients at three different dates of 1st week from each of Jan., March and May. Similar results were 
announced during both seasons. The beneficial effect of these nutrients in synthesis of various organic 
foods and activating both cell division and cell enlargement (Nijjar, 1985) could explain the positive 
influence of such elements on growth and development of fruits. These results are in accordance with 
those obtained by (Hanson, 1991; Eassa, 2000 and 2006; Chatzissavidis et al., 2004; El-Khawaga, 
2007).  

 
3.3. Interaction effect 

Interaction effects between organic or mineral fertilizers and foliar spray on fruit quality, oil 
content and yield/tree are presented in Table (4) and Figure 1. As organic treatment, OF × 
(Macro+Micro) interaction (average of both seasons) showed a significant increase in all 
abovementioned traits except for shape index (L/D) of both fruit and pit, in which the effect was 
insignificant.  
 
Table 4: Fruit physical characters, yield and oil content of olive trees as affected by interaction between 

organic or mineral fertilizer as well as macro and/or micro nutrients foliar spray during two 
year 

Item 
MF OF 

LSD 
Cont. Mac Mic MacMic Cont. Mac Mic MacMic 

1st year 
FW (g) 2.651 4.610 4.330 4.939 4.455 4.628 4.341 5.357 0.400 
PulpW (g) 2.213 3.900 3.570 4.111 3.661 3.891 3.580 4.623 0.313 
PitW (g) 0.509 0.755 0.731 0.761 0.723 0.763 0.721 0.801 0.031 
Pulp/Pit 4.348 5.166 4.884 5.402 5.064 5.100 4.965 5.772 0.110 
FL (mm) 22.605 25.975 25.147 26.767 26.345 27.727 25.879 29.771 2.137 
FD (mm) 16.720 19.258 19.178 19.907 18.920 20.116 19.680 20.367 0.382 
PL (mm) 15.517 17.709 17.168 17.874 17.400 17.760 17.505 19.660 1.621 
PD (mm) 7.507 8.583 8.365 9.222 8.301 8.711 8.260 9.484 0.152 
F L/D 1.352 1.349 1.311 1.345 1.392 1.378 1.315 1.462 0.178 
Pit L/D 2.067 2.063 2.052 1.938 2.096 2.039 2.119 2.073 0.091 
Yield (kg/tree) 22.842 28.943 27.057 32.530 28.637 32.000 29.948 34.573 1.142 
OC 20.630 23.698 24.365 24.925 23.867 25.770 24.385 26.928 0.983 

2nd year 
FW (g) 2.457 4.629 4.057 4.637 4.006 4.261 4.204 5.243 0.593 
PulpW (g) 1.866 3.690 3.310 3.726 2.946 3.314 3.305 4.467 0.760 
PitW (g) 0.763 0.817 0.810 0.853 0.744 0.815 0.777 0.878 0.056 
Pulp/Pit 2.446 4.519 4.086 4.368 3.960 4.066 4.253 5.085 0.925 
FL (mm) 19.315 23.371 22.284 23.923 22.415 23.367 23.055 23.896 1.144 
FD (mm) 14.739 19.016 18.297 19.319 16.939 17.916 17.538 20.736 1.348 
PL (mm) 15.220 16.269 16.127 16.762 17.208 16.263 16.134 16.705 1.092 
PD (mm) 7.340 9.168 8.935 9.269 9.134 9.136 8.974 9.243 1.110 
F L/D 1.310 1.229 1.218 1.238 1.323 1.304 1.315 1.152 0.140 
Pit L/D 2.074 1.774 1.805 1.808 1.884 1.780 1.798 1.807 0.130 
Yield (kg/tree) 21.873 28.447 26.883 31.810 27.000 29.824 29.102 33.641 1.351 
OC 18.229 23.799 23.210 24.671 23.369 23.623 23.235 24.685 0.010 

MF: mineral fertilizer, OF: organic and bio-fertilizer, Cont: control, Mac: macro, Mic: micro-nutrients 
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Fig. 1: Fruit physical characters, yield and oil content of olive trees as affected by interaction between 
organic or mineral fertilizer as well as macro and/or micro nutrients foliar spray in average of two years. 

 
However, OF×(macro+micro) exhibited a significant increment in fruit weight, pulp weight, pit 

weight, pulp/pit, fruit length, fruit diameter, pit length, pit diameter, oil content and yield/tree by 25.3%, 
37.6%, 14.5%, 20.3%, 10.1%, 14.6%, 5.1%, 7.4%, 22.6% and 9.3%  over OF×control and by 107.5%, 
122.9%, 32.1%, 59.8%, 28.0%, 30.7%, 18.3%, 26.1%, 52.6% and 32.8% over MF×control treatment, 
in descending order. Noteworthy, no significant differences were spotted among both OF×macro and 
OF×micro interactions for abovementioned traits except oil content. 

These trends could be ascribed to the improvement of soil structure which was reflected on water 
movement by applying organic fertilizers (Batal, 1991, and El-Emam, 1999 and Abd-ElAti et al., 2016). 
On the other hand, the commercial liquid organic fertilizer (Actosol) containing humic acid which is 
valuable in correcting the widespread occurrence of certain nutrients deficiency symptoms. This is 
attainted through increasing the soil water holding capacity, promoting soil structure and enhance the 
metabolic activity of microorganisms. It is also act as a source of nitrogen, phosphorus and sulpher for 
plants (El-Seginy 2006; Fayza and Zakher 2010 and Fawzy et al. 2012). Additionly, microalga used as 
nitrogen biofertilizer that play a great role in providing trees with NPK as bio-fertilizers that increased 
also the mineral status. All of these effects increase the active uptake for most of the nutrients in the 
soil. Thus, the organic manure in combination with bio-fertilizer (humic and alga) had positive effects 
reflected on improving the yield and fruit quality of olive trees than using mineral fertilizer alone or 
combined with micro and macro nutrients. However the foliar application of alga extract in soil and/or 
foliar spray combined with humic acid led to positive effects on plant growth and improvement of 
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production (Shafeek et al. 2014 and Ekinci et al. 2015). The beneficial effect of the nutrients in 
activating both cell division and cell enlargement could explain the positive influence of such elements 
on growth and development of fruits. However, Increase yield might be due to more fruit set (Barney 
et al., 1984), larger fruit and more fruit weight, because of the role of macro and micro elements on cell 
division and cell enlargement and the volume of intercellular spaces in mesocarpic cells. Also, this 
phenomenon was related to very high mobility of photosynthetates in developing fruits that are active 
and strong sinks (Perica et al., 2001). 

Moreover, this increment could be explained in the light of the effect of micronutrients, also on 
controlling the nutritional status of the trees, beside to the effect of such elements on improving uptake 
and retaining capacity of water (Pelevina, 1981). Mn spray is responsible for photosynthesis, where it 
is a minor constituent of plant chlorophyll (Mengel and Kirkby, 1987), in addition to Fe had an 
important function in enzymatic systems and chlorophyll formation and consequently increased 
photosynthesis which finally increased the yield (Smith, 1957). Also, the role of Zn spray in tryptophan 
synthesis which is the precursor of endogenous natural hormone (IAA) which is necessary for all plants 
metabolic processes can explain the improvement of yield (Price, 1970).  These results also, agreed to 
some extent with those of El Seginy et al., 2003, Chatzissavvids, 2004; Maksoud et al., 2004 and Eassa, 
2006). 
 
3.4. Oil composition 
3.4.1. Organic fertilization, OF  

In relation to mineral and organic fertilization treatments (Main-plot),  data in Table 5 showed that 
palmitic acid (C16:0) ranged from 17.18% (OF) to 19.29% (MF), stearic acid (C18:0) from 1.93% (OF) 
to 2.07% (MF), oleic (C18:1) from 57.59% (MF, control) to 63.25% (OF), linoleic acid (C18:2) from 
14.82% (OF) to 14.27% (MF, control) and linolenic acid (C18:3) from 0.73% (OF) to 0.8% (MF, 
control) in 1st year, whereas, palmitic acid (C16:0) ranged from 17.03% (OF) to 19.0% (MF, control), 
stearic acid (C18:0) from 2.13% (MF) to 2.2% (OF), oleic (C18:1) from 59.6% (MF, control) to 65.13% 
(OF), linoleic acid (C18:2) from 12.77% (OF) to 13.12% (MF, control) and linolenic acid (C18:3) from 
0.74% (OF) to 0.84% (MF, control) in 2nd year.  

 
Table 5: Fatty acid composition of olive oil as affected by organic or mineral fertilizer as well as macro 

and micro nutrients foliar spray during two years 

Item 
Main plot Sub-plot 

MF OF LSD Cont Mac Mic MacMic LSD 
1st year 

C18:1 Oleic (%) 57.59 63.25 3.5 53.85 60 60.1 67.73 5.22 
C18:2 Linoleic (%) 14.27 14.82 0.49 15.96 16.16 14.1 11.95 3.32 
C18:3 Linolenic (%) 0.8 0.73 0.04 0.81 0.72 0.85 0.68 0.06 
C16:0 Palmitic (%) 19.29 17.18 0.14 20.75 17.82 18.05 16.31 0.32 
C16:1 Palmitoleic (%) 2.04 1.42 0.31 2.21 1.87 1.33 1.51 0.38 
C18:0 Stearic (%) 2.07 1.93 0.14 2.17 1.97 2.06 1.8 0.11 
Saturated 21.36 19.1 1.26 22.92 19.79 20.11 18.11 1.83 
T unsaturated 74.70 80.21 3.70 72.82 78.75 76.37 81.86 3.42 
UnSatu/Satu 3.52 4.27 0.5 3.18 4.02 3.83 4.56 0.13 

2nd year 
C18:1 Oleic (%) 59.6 65.13 2.37 57.15 62.4 62.75 67.15 3.44 
C18:2 Linoleic (%) 13.12 12.77 NS 13.62 12.74 12.92 12.5 0.47 
C18:3 Linolenic (%) 0.84 0.74 0.02 0.82 0.77 0.82 0.74 0.03 
C16:0 Palmitic (%) 19 17.03 0.52 19.41 18.1 18.39 16.15 0.28 
C16:1 Palmitoleic (%) 1.73 1.41 NS 1.58 1.69 1.46 1.55 0.17 
C18:0 Stearic (%) 2.13 2.20 NS 2.53 1.89 2.37 1.86 0.15 
Saturated 21.13 19.22 1.35 21.94 19.99 20.76 18.01 0.91 
T unsaturated 75.28 80.05 2.82 73.17 77.60 77.94 81.94 3.79 
UnSatu/Satu 3.58 4.14 0.32 3.70 3.68 3.92 4.15 0.20 

MF: mineral fertilizer, OF: organic and bio-fertilizer, Cont: control, Mac: macro, Mic: micro-nutrients 

 
Therefore, OF treatment exhibited the highest level of the main unsaturated (USFA) Oleic fatty acid 
(63.25&65.13%), total unsaturated FA (80.21&80.05%) and the ratio between USFA and saturated 
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(SFA) fatty acid (4.27&4.14%) and reverse trend, i.e., lowest level in Linolenic (0.73&0.74%), Palmitic 
(17.18&17.03%), Palmitoleic (1.42&1.41%) and total Saturated (19.1&19.22%) fatty acid in 1st and 2nd 
years, respectively as well as Linoleic (14.82%, 1st year) and Stearic (2.2%, 2nd year). However, as 
average of both years, this treatment (OF) exhibited the highest level of total unsaturated FA (80.13%) 
and the ratio between unsaturated and saturated fatty acid (USFA/SFA, 4.21%) comparing to mineral 
fertilization treatment (control). 
 
3.4.2. Macro and micro-nutrient foliar spray:  

As for macro and micro nutrients foliar spray (sub-polt), data (Table 5) showed that palmitic acid 
(C16:0) ranged from 16.31% (MacMic) to 20.75% (Control), stearic acid (C18:0) from 1.8% 
(MacMic) to 2.17% (Control), oleic (C18:1) from 53.85% (Control) to 67.73% (MacMic), linoleic acid 
(C18:2) from 11.95% (MacMic) to 16.16% (Mac) and linolenic acid (C18:3) from from 0.68% 
(MacMic) to 0.85% (Mic) in 1st year, whereas, palmitic acid (C16:0) ranged from 16.15% (MacMic) to 
19.41% (Control), stearic acid (C18:0) from 1.86% (MacMic) to 2.53% (Control), oleic (C18:1) from 
57.15% (Control) to 67.15% (MacMic), linoleic acid (C18:2) from 12.5% (MacMic) to 13.62% 
(Control) and linolenic acid (C18:3) from 0.74% (MacMic) to 0.82% (Control) in 2nd year. Therefore, 
OF treatment exhibited the highest level of the main unsaturated (USFA) Oleic fatty acid 
(67.73&67.15%), total unsaturated FA (81.86&81.94%) and the ratio between USFA and saturated 
(SFA) fatty acid (4.56&4.15%) and reverse trend, i.e., lowest level in Linoleic (11.95&12.5%), 
Linolenic (0.68&0.74%), Palmitic (16.31&16.15%), Stearic (1.8%&1.86%) and total Saturated 
(18.11&18.01%) fatty acid in 1st and 2nd years, respectively. However, as average of both years, this 
treatment (OF) exhibited the highest level of total unsaturated FA (81.9%) and the ratio between 
unsaturated and saturated fatty acid (USFA/SFA, 4.355%) comparing to mineral fertilization treatment 
(control). 

 
3.4.3. Interaction effect 

Results (Table 6 and Fig.2) revealed that palmitic acid (C16:0) ranged from 15.15 (OF×MacMic) 
to 20.55 (MF×Cont), stearic acid (C18:0) from 1.675 (OF×MacMic) to 2.435 (OF×Cont), oleic (C18:1) 
from 53.65 (MF×Cont, control) to 70.2 (OF×MacMic), linoleic acid (C18:2) from 11.1 (OF×MacMic) 
to 15.335 (OF×Cont) and linolenic acid (C18:3) from 0.61 (OF×MacMic) to 0.875 (MF×Mic).  
 
Table 6: Fatty acid composition of olive oil as affected by interaction between organic or mineral 

fertilizer as well as macro and/or micro nutrients foliar spray during two years 

Item 
MF OF 

LSD 
Cont Mac Mic MacMic Cont Mac Mic MacMic 

1st year 
Oleic (%) 53.00 56.00 56.30 65.05 54.70 64.00 63.90 70.40 3.14 
Linoleic (%) 14.97 16.21 13.20 12.70 16.95 16.11 15.00 11.20 1.75 
Linolenic (%) 0.82 0.71 0.91 0.76 0.79 0.73 0.78 0.60 0.07 
Palmitic (%) 21.00 19.24 19.30 17.62 20.50 16.40 16.80 15.00 0.46 
Palmitoleic (%) 2.90 2.10 1.25 1.90 1.51 1.64 1.40 1.11 0.54 
Stearic (%) 2.21 2.00 2.12 1.96 2.13 1.93 2.00 1.64 0.07 
Total Saturated 23.21 21.24 21.42 19.58 22.63 18.33 18.80 16.64 0.79 
Total unsaturated 71.69 75.02 71.66 80.41 73.95 82.48 81.08 83.31 1.97 
UnSatu/Satu 3.09 3.53 3.35 4.11 3.27 4.50 4.31 5.01 0.26 

2nd year 
Oleic (%) 54.30 57.40 62.40 64.30 60.00 67.40 63.10 70.00 1.64 
Linoleic (%) 13.52 13.47 11.47 14.00 13.72 12.00 14.36 11.00 1.10 
Linolenic (%) 0.80 0.84 0.84 0.86 0.84 0.70 0.80 0.62 NS 
Palmitic (%) 20.10 19.70 19.20 17.00 18.72 16.50 17.58 15.30 1.21 
Palmitoleic (%) 1.84 1.78 1.48 1.80 1.32 1.60 1.43 1.30 0.43 
Stearic (%) 2.32 2.08 2.10 2.00 2.74 1.70 2.63 1.71 0.54 
Total Saturated 22.42 21.78 21.30 19.00 21.46 18.20 20.21 17.01 1.20 
Total unsaturated 70.46 73.49 76.19 80.96 75.88 81.70 79.69 82.92 1.61 
UnSatu/Satu 3.58 3.62 3.48 3.66 3.83 3.74 4.36 4.64 0.25 

MF: mineral fertilizer, OF: organic and bio-fertilizer, Cont: control, Mac: macro, Mic: micro-nutrient 
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Fig. 2: Fatty acid composition of olive oil as affected by interaction between organic or mineral fertilizer 
as well as macro and/or micro nutrients foliar spray in average two years 
 

Therefore, OF×MacMic treatment (average of both studied yield) exhibited the highest level of the 
main unsaturated (USFA) Oleic fatty acid (70.2%), total unsaturated FA (83.115%) and the ratio 
between USFA and saturated (SFA) fatty acid (4.825%) and reverse trend, i.e., lowest level in Linoleic 
(11.1%), Linolenic (0.61%), Palmitic (15.15%), Palmitoleic (1.205%), Stearic (1.675%) and total 
Saturated (16.825%) fatty acid. Data also, show that treated plants with O-Bio program exhibited a 
decreasing of the main saturated fatty acid (SFA) palmitic (C16:0) from 19.29% (MF, control) to 
17.18% (OF) in 1st year and from 19% to 17.03% in 2nd one as well as stearic acid (C18:0) decreased 
from 2.07% (MF, control) to 1.93% (OF) in 1st year and slightly increased in 2nd one. Moreover, the 
effect of O-Bio program on the main unsaturated (USFA) fatty acid oleic (C18:1) caused significantly 
increase in oleic acid, total unsaturated fatty acid and the ratio between total unsaturated (USFA) and 
total saturated (SFA) of olive oil at both years compared with control. The beneficial effect of applied 
O-Bio treatment on USFA and USFA / SFA ratio suggests that it might be due to the regulated effect 
of alga contents which acts as an activator on many enzymic processes, where some of these enzymes 
may affect the oil content from these organic matters. Generally, all fatty acids composition was in the 
range of international olive council standard (IOC, 2015), the Egyptian Standard of olive oil (2005) and 
Manai et al., (2008). It is noted by many authors that Polly unsaturated fatty acids (PUFAs) are very 
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important for human nutrition and are therefore referred to as essential fatty acids (Aguilera et al., 2005 
and Lanza, 2010) and may result in a wide range of health benefits (Aktas, 2013).Generally high levels 
of oleic acid are among the major components of the Mediterranean diet, and they play an important 
role in the nutritional value of table olives (Boskou et al., 2006 and Charoenprasert and Mitchell, 2012) 
and olive oil (Mendes et al., 2008). Malheiro et al., (2011) reported that the fatty acid composition 
affected by genetic factors and the environmental conditions in addition to PUFA contents varied from 
3.5% to 11.6% in the Alcaparras table olives, and this is agree with our results, that PUFA consumption 
helped to decrease both LDL and HDL cholesterol levels in the blood, contributing to reduce the 
incidence of cardiac arrhythmia, that the linoleic acid was the third most abundant fatty acid found. 
They noted that fatty acid compositions of table olives were very complicated and variable, and that as 
they depend on upon olive cultivars, maturation index, agricultural practice, growing conditions, and 
table olive processing methods (Sahan et al., 2013). In our study, the values obtained for linolenic acid 
were generally consistent with other studies. 

In conclusion, our results revealed that, it can be concluded that manzanillo olive trees treated by 
30 kg/tree poultry manure combined with 3 litters bio-fertilizer (Alga plus Actosol) once time to soil 
and foliar sprayed by 3 litter bio-fertilizer accompanied by 3.5 litters (micro + macro) nutrients program 
of our studies at 3 different dates were found to be suitable for the studied olive orchard in order to 
increase tree productivity and improve their fruit and oil qualities under upper Egypt conditions. 
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	ABSTRACT
	Field experiment was conducted in a private orchard located at about 24 km south east of Assiut, Upper Egypt during two successive seasons 2017 and 2018 on 12-years old Manzanillo olive (Olea europea, L.) trees grown in sandy soil and irrigated with drip irrigation from Nile water. The trees were planted at 6 x 6 meters apart. These trees were received the same horticultural management. Healthy, uniform and regular bearing olive trees were used in this study. The selected trees received normal fertilization and cultural practices in the farm except the nitrogen. All of the 24 trees conducted in this study were vigorous and similar in growth and canopy. Poultry manure was collected from private fattening poultry farm at Shandaweel district, Sohag Governorate, Egypt. The manure was dried and sieved to remove feathers and foreign substances. Alga, Nostoc muscorum strain was provided by the Unit of algae, ARC, Giza. The chemical properties of the poultry manure as well as the physical and chemical soil properties of the experimental orchard were presented in Table 1. Main characteristics of the used liquid Actosol (after, El-Seginy, 2006) and micro algae extract (after, Noha, 2020) are presented in Table 2.
	a) Main plots (fertilization treatments)
	1) Control (Mineral “NPK” fertilizers dosage/tree as recommended by the Ministry of Agriculture recommended, MF). 
	2) 30 kg Poultry manure + bio-fertilizer [Actosol (humic acid) plus CAE (Cyanobacteria alga extract)] referred as  organic fertilization, OF
	b) Sub- plots (foliar spray)
	1) Control (Cont.): spraying distilled water and Tween-20. 
	2) Spraying a mixture of macro-nutrient (Mac) containing 2% NPK (10:5:7w/v) + 2% Ca 
	3) Spraying a mixture of micro-nutrients (Mic) containing of 120 ppm for each chelated Fe, Zn and Mn (1:1:1). 
	4) Spraying micro and macronutrients (MacMic).
	Table 1: The chemical properties of the poultry manure and both physical and chemical soil properties of the experimental soil during 2017 and 2018
	 Poultry manure was added to the soil in both sides of the tree under a drip irrigation system at the 3rd week of December.
	 Bio-fertilizer (Humic and Alga): Each 1 liter of diluted alga extract was mixed with 1 liter of diluted humic acid solution, on site.
	 Then, about 3 L per tree were added to the soil (1:20 v/v) once time at the first week of April (during full bloom) and foliarly sprayed (1:40 v/v) in three different dates of 1st week from each of Jan., March and May. 
	 Foliar spray treatments of both micro and macro-nutrient were applied on three different dates at 1st week from each of Jan., March and May, at the rate of 3.5 litter/tree, while a few drops of Tween-20 were added as surfactant, in consideration of temperature of spraying time in all applications.
	Data were compared using analysis of variance (ANOVA) procedures according to Gomez and Gomez (1984) through using (CO/STAT). Least Significant Difference (LSD) test was used for mean separations of the studied parameters.
	Gomez, K.A. and A.A. Gomez, 1984. Statistical Procedures for Agricultural Research. 2 nd ed., John Wiely and Sons, New York.



